Introduction
The presence of dead cells in the preimplantation mam¬ malian embryo was first described by Potts and Wilson (1967) . Since then it has become increasingly apparent that these cells die by apoptosis (Kerr et ah, 1972) , a form of programmed cell death. This process ensures the regulation of cell populations and cell lineages in all major mam¬ malian systems and has many specialized functions during development.
Light microscope and ultrastructural studies of blastocysts from many species, including mice, cows, baboons, rhesus monkeys and humans, have described dead and dying cells within the embryo (El-Shershaby and Hinchliffe, 1974; Copp, 1978; Hurst et ah, 1978; Enders and Schlafke, 1981; Enders et ah, 1982; Lopata et ah, 1982; Mohr and Trounson, 1982; Enders et ah, 1990; Hardy et ah, 1996) . Differential labelling of trophectoderm and inner cell mass (ICM) cells with polynucleotide specific fluorochromes has been used in mouse, human, rat, rabbit and pig embryos to describe the spatial occurrence of apoptotic cell death (Handyside and Hunter, 1986; Papaioannou and Ebert, 1988; Hardy et ah, 1989; Pampfer et ah, 1990a,b; Giles and Foote, 1995; Hardy and Handyside, 1996; Lea et ah, 1996; Brison and Schultz, 1997) . Further assessment of embryo apoptotic cell death has been carried out using the terminal deoxynucleotidyl transferase (TdT)-mediated d-UTP nick end-labelling technique (TUNEL) . This method facilitates the analysis of nuclear DNA fragmentation in situ. Moreover, cells undergoing the early stages of apoptosis are preferentially labelled by the TUNEL reaction (Gavrieli et ah, 1992) . This technique has proved useful in the quantitative measurement of cell death in mouse and human embryos in which only a few cells are present and therefore small amounts of apoptotic DNA (Jurisicova et ah, 1996; Pampfer et ah, 1997; Brison and Schultz, 1997 Schultz, ,1998 .
In most species apoptosis is largely confined to the ICM lineage; for example, in mouse day 4 and day 5 blastocysts freshly flushed from the reproductive tract, the percentage of dead cells in the ICM is of the order of 10%, whereas in the trophectoderm is < 3% (Hardy and Handyside, 1996 (Weil et ah, 1996) . Apoptosis may play a role in eliminating abnormal or defective embryos as early as the first cell cycle in mice (Jurisicova et ah, 1998; Warner et ah, 1998) and the second cell cycle in humans (Jurisicova et ah, 1996) . This first wave of apoptosis may be related to activation of the embryonic genome, the major event of which occurs at the two-cell stage in mice and the four-cell stage in humans. Sible et ah (1997) 
Extent and localization ofapoptotic cell death in the blastocyst
The total number of cells was compared with dead cell index for day 7 blastocysts. The overall trend indicated that the number of cells was negatively correlated with extent of apoptosis (Fig. 2) . Blastocysts of a small number of cells (< 100 cells) had dead cell indices ranging from 0 to almost 10%, whereas the variability was lower in embryos of > 100 cells (0-6%). (Fig. 3a,b) (Fig. 4a) . Embryos grown without serum had a smaller dead cell index (Fig. 4b) (1996) reported that in normal human embryos, from the two-cell to the uncompacted morula stage, TUNEL analysis combined with DAPI staining (to assess chromatin condensation and nuclear shape) was negative with regard to necrosis and apoptosis. However, Jurisicova et ah (1996) reported that from the two-cell stage onwards, fragmenting human embryos were dying by apoptosis. ( (Handyside, 1978) . It is possible that in the late stage ICM, apoptosis reaches a certain threshold to prevent the formation of ectopie trophectoderm in the incipient germ layers (Pierce et ah, 1989; Parchment, 1991 Parchment, , 1993 . In the present study, in IVP bovine blastocysts, apoptosis was observed predominantly in the ICM and not in the Addition of serum to the culture medium has an effect on bovine and ovine embryo morphology (Gardner et ah, 1994) , ultrastructure (Dorland et ah, 1994; Thompson et ah, 1995) , metabolism (Thompson et ah, 1996) and post-implantation development (Walker et ah, 1992) . It has also been implicated in the enlarged offspring syndrome (Thompson et ah, 1995 
